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COMPLETE SPECIFICATION 
Improvements in Methods of Preparing Fluorine Derivatives of 

Hydro-carbons 



We, Kinetic Chismioals, Inc., a cor- 
poration organized and existing under the 
laws of the State of Delaware, United 
States of America, located at Du Pont 
5 Building, Wilmington, States of Dela- 
ware, United States of America, do here- 
by declare the nature of this invention and 
in what manner the same is to be 
performed, to be particularly described 

10 and ascertained in and by the following 
statement : — 

This invention relates to improvements 
or modifications of the methods of fluori- 
nating acylic hydrocarbons, or axyl deri- 

15 vativea thereof, described and claimed in 
Specification No. 391,168. 

In .the parent specification referred to, 
the fluorination is effected in the presence 
of a catalyst which consists of a halide 

20 of a metal whose halide has the property 
of mutually exchanging its halogen with 
hydrogen fluoride, and whose fluoride has 
the property of mutually exchanging 
halogen with the halogen derivatives of 

25 the hydrocarbon whose fluoride it is 
desired to obtain. Antimony halides, par- 
ticularly antimony fluoro-chlorides are 
disclosed as suitable catalysts. The cata- 
lyst is desirably maintained! in the liquid 

30 state. 

Liquid catalysts are subject to consider- 
able loss by volatilization necessitating 
recovery apparatus, while they tend to 
increase the hasarda involved in working 

35 the process particularly when they are 
toxic in character. 

According to this invention acyclic 
hydrocarbons or aryl derivatives thereof 
are fluorrnated by reacting the hydro- 

40 carbons containing halogen, other than 
fluorine, with hydrofluoric acid in the 
presence of a catalyst formed of or 
comprising a halide of copper, silver, 
gold, zinc, cadmium, mercury, vana- 

45 drum, manganese, iron, cobalt, nichcl 



or platinum. 

The metal halides may be carried on an 
absorbent solid body, such as carbon or 
alundum. 

A particularly good catalyst is ferric 60 
chloride on activated carbon. The metal 
halide, when it is -used in combination 
with an absorbent material, may be com- 
pounded with the absorbent material in 
any suitable manner, — chemical or phy- 55 
sical, including mechanical mixing, as 
will occur to one sMlled in the art. 

Metal halides which may be used alone 
or in combination with one another or 
with sodium or calcium chlorides or with 60 
absorbent material such as activated 
carbon include AgCl, CuCl„ Fed,, Y01 3 
and MnClx. Examples of suitable combi- 
nations are HgCl a + KnCl« + KaCl + CuCl, : 
MnCl. + AgCl; ZnCl, + CaCU ; and ITeCl, + 66 
CuClj + HgCla, carried hy alundum; 
ITeCU on steel wool ; and activated carbon 
iu combination witk one or more of the 
chlorides of the following; Cu, Ft, Hg, 
V, Ag, Ni, Co, Cd, Zn and tfe. The heavy 70 
metal halides are preferred particularly 
the chlorides. The metal halide and/ or 
the hydrocarbon halide to be fluorinated 
may be formed in situ prior to effecting 
the fluorination. 75 

The original metal halides may be par- 
tially or completely changed to one or 
more other halides in the course of the 
reaction. Certain halides, e.g. those of 
jrom "and platinum, may be reduced to the $Q. 
metal during the reaction, without mate- 
rially affecting the catalytic efficiency; 
thus, it has been found that metallic 
platinum on an inert or active support acts 
as a fluorinating catalyst. " 85 

The formation of the parent hydro- 
carbon halide in' situ may be effected by 
initially introducing a chlorinating agent, 
for example, chlorine or antimony pento- 
chloride. In this way acyclic hydro- 90 
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carbons or their aryl derivatives may be 
used aB raw material 

Suitable apparatus for effecting the 
reaction may consist of vaporizers for 
5 vaporising- the hydrogen fluoride and 
acyclic hydrocarbon halide, a heated 
reaction thainber containing- the catalyst 
through which the vaporised reagents are 
simultaheously passed, scrubbers con- 
10 taining alkali for removing excess acid 
from the reaction vapors, and scrubbers 
containing strong sulphuric acid or other 
suitable dehydrating agent for drying the 
gases, and finally liquefying and storing 
15 devices. Traps, gauges, valves and addi- 
tional inlets etc. may be disposed at con- 
venient places in the system as trill 
readily oocur to one skilled in the art. 
Those portions of the apparatus which 
20 come into contact with the hydrogen 
halide during the reaction are usually 
made of or lined with some corrosion 
resistant material. Copper or monel metal 
are suitable; in addition it has been dis- 
25 covered by us that mild steel, chromium 
alloy steel and molybdenum alloy steel are 
also satisfactory and these substances 
withstand hig'h temperatures and pres- 
sures, which may be used, much better 
30 tb.an materials such as —copper. The 
hydrogen halide removing scrubbers may 
however sometimes with advantage be 
constructed of phenol-formaldehyde resins 
or of lead. For those parts of the appar- 
35 *atus following the removal of the corrod- 
ing materials, ordinary construction 
materials may be used : cast iron, wrought 
iron, steel etc. 

In regard to this we may remark that 
40 are aware of Specification ISo. 359,997 
which discloses the use of sheet steel and 
MoneL metal for the reaction chamber and 
fractionating column of an apparatus for 
use in the manufacture of fluorine-con- 
45 taining derivatives of hydrocarbons in 
which the fluorine for replacing the 
halogen atoms in an aliphatic hydro- 
carbon halide is obtained from antimony 
trifluoride in the presence of antimony 
50 "pentachloride acting as a catalyst. 

In the preferred method of this inven- 
tion, the metal halide is fixed on a per- 
vious, support which is desirably rigid 
.enough to withstand disintegration" diu- 
55 ing the reaction. The combination of a 
metal halide of the kind referred to, and 
carbon gives better results at lower tem- 
peratures than does the halide per se. Thus 
copper chloride on alundum (a relatively 
60 inert support) does not effectively fhion- 
nate carbon tetrachloride below *400° C. 
But a combination of copper chloride and 
activated carbon gives excellent results at 
"2-50" C. Similarly ferric chloride and 
65 carbon combined effect 70 — 90% conver- 



sion of the hydrogen nuclide at 1U0 — 2U0 1 
C, whereas when used alone at this tem- 
perature ferric chloride effects only slight 
iiuorination of carbon tetrachloride. 

The carbon may be of any origin ; char- 70 
cual obtained by destructive distillation of 
carbonaceous material is suitable. The 
carbon should preferably be absorptive, 
while activated' and acid washed carbons 
give particularly good results. It is in 75 
general desirable that the physical form, 
of the catalyst be such that it does not 
tend to form dust and pass out of the 
catalyst chamber with the gas stream. 

While the reaction is preferably SO 
effected in the vapor phase, the tempera- 
ture and pressure may be so adjusted that 
at least one of the reagents is in liquid 
phase when in contact with the catalyst. 
HF is a liquid at- S0° C. under a pleasure 85 
of about 5—6 atmospheres. 

The temperature at which the reaction 
may be ejected varies over a wide range, 
depending upon the material to be fhiuri- 
nated and the nature of the catalyst. 90 
Carbon tetrachloride may be satisfactorily t , 
fluorinated at 2oi)° — loll" using a metal : " 
halide on a substantially inert- support 
such, as alundum ; triiiuorotrichloroethane 
is similarly fluorinated at about 4ol) — 
550" C. A catalytically active support 
lowers the permissible temperature. Thus 
chloroform and carbon tetrachloride can 
satisfactorily be fluorinated at 100* — 2i)0" 
C. and trifluorotrichloroethane at 350" — 100 
4-50 a C. using activated carbon impreg- 
nated with metal halide. 

Superatmcspheric pressures are advan- 
tageously used especially in fluoriuaring 
compounds -which split off a halogen acid 105 
at high temperature; high pressure also 
allows a greater capacity per unit volume 
of catalyst. 

It will be recognized, that the invention 
is applicable to the fluorina.tion of a large tlO 
number of halogen -containing carbon 
compounds. As specific examples uf such 
compounds may be mentioned niethvlcne 
chloride (CH S C1 S ),. uuoro-triehloro-iueth- 
ane, (CFCU ethyl chloride <CH a CH,CU 115 
ethyl bromide (CH- — CH a Br), isoprupvl 
bromide (CH a CHBrCH,), ethylene dibro- 
mide (CH 3 Br— CH.Br;, tetraciiloro-ethane 
.^CHCls— CHC1 = ), trichlor-etkvleue <CHC1 
=CC1 3 ), chloroform fCHCL), hromnfmui jo<) 
(CHBr 3 ), iodiform (CHI,), carbon tetra- " 
rhlonde (CCIJ. triHuoro-trichloro-ethane 
fCal^O-), symmetrical dirhloro-etJume 
(CH,Cl.CH,CI>. hexachloru - ethane ! 
(CiCI 0 ), difluoro - ietrachloro - ethane 1^5 
(C 3 C1X), terrach]»r-ethyl«ie (Cl-C= ' 
CC1-) and Iiahigen derivatives of hi«rlier 
members of the aliphatic series. As fur- 
ther examples of compounds (luitaining rm 
acyclic carbon atom having attached 130 ; 
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thereto a halogen other than fluorine 
«?%r iSSi ^^oned benso - trichloride 
Sn'IMSAk r™ 30 " di&wo - chloride 
k nSnSiS 1 '' b ? nzo " fltloro " bichloride 
t l 5 • j ^ Ul1 ritt g-suhstituted benzo- 
trichlorides containing- substituents such 
a + s for example, aUcyl groups (methyl, 
ethyl, propyl, etc.) and halogens (e.g. 
.jmlOTine.__.aiid. "bromine). . In fluurinating 

IU benso-trichloride derivatives containing 
chlorine atoms m the aryl portion thereof, 
it has been noted that the chlorine atoms 
ui the acyclic portion may be replaced by 
fluorine without affecting the chlorine 

15 atoms in the aryl portion. 

Where the original acyclic halogen 
derivative contains hydrogen, a substitu- 
tion of halogen for hydrogen may occur 

o rt f ^ e fluorination operation if a free 

20 halogen such as chlorine is present during 
the fluorination reaction. Examples of 
such reactions are those taking place -when 
methylene chloride or tetrachforc-ethane 
are fluorinated. 

26 "When the original acyclic halogen deri- 
vative ib unsaturated, the addition of 
halogen and the introduction of fluorine 
may take place in the Bam e : operation. For 
instance, fluoTo-chloro derivatives of 

30 ethane may be prepared by pacing tetra- 
chlor-ethylene or trichlor-ethylene, hydro- 
gen fluoride and chlorine through the 
catalyst under suitable conditions of tem- 
perature and pressure. 

35 t The^ hydrogen fluoride may contain 
impurities Buch as water. 

In thB following Examples the parte 
are by weight. 

40 + J^v?™ hydrogen fluoride and carbon 
tetrachloride in proportions corresponding 
to about 20 parts of hydrogen fluoride and 
300 parte carbon tetrachloride were hourly 
passed through 300 parts of a mixture of 

45 90% charcoal and 10% cuprous chloride 
disposed in a chromium alloy steel tube 
having a length approximately 10 times ■ 
its diameter. The catalyst was maintained 
at a temperature of 250° C. bv means of 

50 external electrical heating coils. 

The gases after passage through the 
catalyst consisted chieflv of hydrogen 
chloride, difluoro - dichloro - methane, 
fluoro - tnchloro - methane, hvdrogen 

55 fluoride and carbon tetrachloride. The 
hydrogen chloride and hydrogen fluoride 
were largely removed by treatment with 
water. The gas stream was further puri- 

an 2 in J 8Cru L ^ in ? through an aqueous 
on a canstie solution and then through 
a 90 — 95% sulphuric acid solution. Dur- 
ing the operation, the caustic and sul- 
phuric acid scrubbers and the intermediate 

en tn a . P . W ^f. h ® W a temperature of about 

65 50 to 60' C. The product, condensed at 



a temperature of about -40° to -50" O 
and recovered in liquid form, was then 
fractionally distilled to separate difluoro- 
dichloro-methaue, fluoro -trichloro-meth- 
ane and carbon tetrachloride. The over- 70 
all-yield of fluorinated derivatives, based 
on hydrogen fluoride was about 82% . 
Example 2. 

The vapors of 20 parts of. substantially 
anhydrous hydrogen fluoride and 310 parts 75 
of carbon tetrachloride were hourly passed 
through 300 parts of a catalyst composed 
of charcoal and ferric chloride in an iron 
reactor Bimilar in design to that described 
in Example $„ The temperature of the 80 

i cl. o waa nia i^tained at about 145 

155 _ C. This catalyst was prepared by 
mixing one part of sublimed ferric . 
chloride with ten partB of charcoal. 

The mixture of ga B es leaving the cata- 85 
lyst consisted of hydrogen chloride, di- 
nuoro-dichloro-methane, fluoro-dichloro- 
methane and unreacted hydrogen fluoride 
and carbon tetrachloride. The gas mixture 
was passed through water which removed go 
the greater part of the hydrogen halides. 
The gases were then further purified by 
washing with caustic soda solution and 
then drying with sulphuric acid < B pecific 
gravity 1.80). During five hours of con- 95 
tinuqua operation a yield of 88% of 
fluorine derivatives, based upon hydrotren 
fluoride, was obtained. 

ExAiCELE 3. 
There were hourly added 120 parts of 100 
ainuoro-dichloro-methane and 20 parts of 
hydrogen fluoride to 300 parts of a 
catalyst, consisting of 90% activated 
carbon and 10% cuprous chloride, and 

350^So^ C 11 ^ ^ temperature ran « 6 105 

The exit gases consisted of a mixture of 
tnfluoro - chloro - methane, difluoro - di- 
chloro-methane, hydrogen chloride and 
hydrogen fluoride. The fluoro-chloxo 110 
derivatives were purified by passing 
successively tWgh water > aqueous 
sodium hydroxide solution and sulphuric 
acid (specific gravity 1.80) all of which 
*ere held at 20-30' C. The purified 115 
gases were, with the exception of a small 
amount of trt-fluoro-chloro-methane, lique- 

5^Si~ conde * 6er ' maintai » ed 

, The uncondensed material was collected 120 
in a gasometer. The liquid was subjected 
to suitable fractional distillation, where- 
upon, it yi elded trifluoro-chWmethane 
(boiling point about -80° C.) and 
difluoro-dichloro-methane. 125 

The yield of trifluoro-chloro-methahe, 
based upon hydrogen fluoride, was 50-1 
OD% ; the yield based upon consumed 
difluoro-dichloro-methane waa essentially 
quantitative. y 
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Example 4, 
To 300 parts of a catalyst consisting of 
90% activated carbon and 10% cuprous 
chloride, maintained at 300"— 400* C, 
6 there were hourly added at a uniform rate 
100 parts of carbon, tetrachloride and 50 
parts of hydrogen fluoride. The exit 
gases were purified and. condensed in the 
same manner as in Example 10. 
10 The liquefied product consisted prim- 
arily of a. mixture of trifluoro-chloro- 
methane and difluoro-dichloro-methane. 
Some fiuoro-trichloro-methane was also 
recovered. The combined yield of fluoro 
15 derivatives, based on carbon tetrachloride, 
was above 90%; the yield, based on 
hydrogen fluoride, was above 70%. 
Example 5. 
Substantially anhydrous hydrogen 
20 fluoride was allowed to vaporize and the 
vapors passed through trifluoro-trichloro- 
ethane heated to a temperature of about 
42* C. The mixture of vapors was then 
passed through a column of pieces of 
25 ahindum, impregnated with vanadium 
tetrachloride. The catalyst was con- 
tained in a. tube constructed of a molyb- 
denum-containing steel, and was main- 
tained at a temperature of about 500 a C. 
30 Hydrogen chloride, tetrafluoro-dichloro- 
ethane and pen t a-flu or o- chlorc - ethane 
were produced. 

The gas mixture was scrubbed with 
water and an aqueous alkali metal 
35 hydroxide solution and dried with sul- 
phuric acid. On condensing the product 
in an alcohol — carbon dioxide ice bath, a 
liquid which boiled at about 0° C. was 
obtained. This liquid was a mixture of 
40 penta-fluoro-chloro-ethane, tetra-fluoro- 
dichloro-ethane and unconverted trifluoro- 
trichloro-ethane. "Cnder the conditions of 
reaction approximately 50% of the 
hydrogen fluoride was utilized. The 
45 liquid mixture above described was sub- 
ject to fractional distillation and the 
penta-fluoro-chloro-ethane (C-F 5 C1) and 
tetra-fluoro-dichloro-ethane (Cal^d-) were 
isolated. - Pent a - fluoro - chloro - ethane 
50 which is apparently a new product and 
one not previously isolated boilB at about 
—40° C. under atmospheric pressure. 
Tetra-fluoro-dichloro-ethane boils at about 
+ 4° C. under atmospheric pressure. 
55 Example 6. 

Hydrogen fluoride was allowed to boil m _ _ _ « u ,„ „ ttBiiuD 

gently and the vapors pawed through... -of -copper, silver," ^ofd, zinc"%ndndn^ 
iuoro-trichloro-metliane held at a teni- mercurv. vanadium mnnc™,>oc U 



of hydrogen chloride averaged about 20 
parts per hour. The gases leaving the 
catalyst were washed consecutively with 
water, caustic and sulphuric acid. The 
remaining gases when condensed at a tern- 70 
perafcure of about -50°C. produced a 
colorless liquid which began to boil at 
about -25° C. This product was a mix- 
ture - consisting largely of difluoro- 
dichloro-methane and fluoro-trichloro>- 75 
methane. These two components were 
obtained in a pure state by fractional dis- 
tillation of the above described mixture, 
th.B distillation preferably being carried 
out under euperatmospheric pressure. The 80 
yield of difluoro-dichloro-methane, based 
upon hydrogon fluoride, was about 74% . 

The products of the invention find 
application for various commercial puiv 
poses. Thus, difluoro-dichloro-methane 85 
tetrafluoro - dichloro - ethane, fluoro - di- 
chloxo-methane (CHFGL) and fluoro-tri- 
chloro-methane (CCUE) are widely used 
as refrigerants. The new product 
penta-fluoro-chloro-ethane, described in go 
Example 5 also possesses very desirable 
properties fox low temperature refrigera- 
tion. Some of the higher boiling com- 
pounds, such as trifluoro-trichloro-etlmnje 
and fluoro-tiichloro-methane, are gener- 95 
ally applicable for use as solvents or reac- 
tion media. Moreover, many of the pro- 
ducts investigated have been found to be 
advantageous in that they are odorless, 
non-inflammable, non-corrosive and nun- 100 
toxic. 

We are aware that it has previously 
been proposed to manufacture methane 
derivatives containing chlorine and 
fluorine by acting with hydrogen fluoride 105 
upon carbon tetrachloride vapour in the> 
presence of a mixture of antimony tri- 
chloride _ and antimony pentaehioride 
which might be carried on a porous sub- 
stances, such as cake. X10 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed we declare that what we 
claim is : — -^15 

1. An improved method of fluorinating- 
acyclic hydrocarbons or aryl derivatives 
thereof by reacting a hydrocarbon halide 
containing halogen, other than fluorine, 
aud hydrofluoric acid in the presence of a 120 
catalyst formed of or comprising a halide 



perature of about 20 — 25° C. The gaseous 
CO mixture of the two compounds was then 
passed through 400 parts of a heated 
column of alundum fragments impreg- 
nated with manganese chloride. The 
temperature of the catalv.st waa niain- 
65 tained at about 400° 0. The rate of feed 



mercury^ vanadium, manganese, iron, 
cobalt, nickel or platinum. 

2. An improved method as claimed in 125 
Claim 1 wherein the catalyst body is 
formed of or comprises a mixture of a 
plurality of the metal hnliries. . 

3. An improved method, as claimed in 
Claim 1, in which the metal halide is 130 
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carried on a solid support. 

4. An improved method as claimed in 
Uarm 3, in which the solid support or 
body consists of or comprises carbon, pre- 
ferably activated. 

5. An improved method as claimed in 
Claim 3, in which the solid support or 
body comprises alundum. 

6. An improved method as claimed in 
any one or more of the preceding claims 
in which the metal halide, and /or hydro- 
carbon halide containing halogen other 
than fluorine, is formed m situ in the re- 
action mixture prior to effecting- the 

15 nuorination. 

7. An improved method, as claimed in 
any one or more of the preceding claims, 
in which a heavy metal halide is used. 

8. An improved method as claimed in 



16 



Okim 7 m which the catalytic element 20 
consists of activated carbon impregnated 
mth iron or copper chloride. 

9. An unproved method as claimed in ' 
any one or more of the preceding claims, 
winch comprises effecW the reaction in 25 
apparatus cons Wed^nolly or in part 

of mild steel, chromium alloy steelf or 
molybdenum alloy steel: - - ' 

10. The methods of fluorinating acyclic 
hydrocarbons substantially as set forth in 80 
the foregoing Examples. 

, 11. The improved methods of fluoxinat- 
Log acyclic hydrocarbon or aryl deriva- 
tives thereof, substantially as herein- 
before described. 



85 



Dated this 5th day of Au 
HAUSS 
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